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Accepted 21 April 2014Massive fetomaternal hemorrhage (FMH) causing fetal death is
rare. In this study, we report a patient who complained of reduced
fetal movement. Her nonstress test (NST) showed intermittent
sinusoidal tracing; however, her biophysical proﬁle, umbilical
artery Doppler ﬂow, and cerebroplacental ratio were all within
reference ranges. We were unable to resuscitate her baby after a
cesarean section.
The initial and most signiﬁcant warning sign for FMH is a
reduction in fetal movement, with orwithout abnormal NST results.
If FMH is suspected, a Doppler assessment of middle cerebral artery
peak systolic volume (MCA-PSV) should be conducted to detect
fetal anemia. The KleihauereBetke test can then conﬁrm a diag-
nosis of FMH. Doppler ultrasonography and biophysical proﬁle
results may not be helpful in diagnosing FMH.
Our patient was a 26-year-old pregnant woman (gravida 1 and
parity 0) at 34 3/7 weeks gestation. She presented to our clinic with
the chief complaint of reduced fetal movement for 1 day. She un-
derwent an NST, which revealed several moderate variable de-
celerations and a suspicious late deceleration. The monitor also
showed intermittent undulating tracing, with a baseline heart rate
of 140 beats/min (bpm). The biophysical proﬁle scorewas 6 because
of the lack of fetal breathing movements and abnormal NST results.
However, fetal movement, muscle tone, and amniotic ﬂuid volume
measurements were all within reference ranges. The umbilical ar-
tery Doppler ﬂow showed a normal systolic/diastolic velocity ratio
of 2.8 and a resistance index of 0.64 (Fig.1A). The resistance index of
the MCA was 0.9, and the cerebroplacental ratio did not reveal a
brain-sparing effect (Fig. 1B). The MCA-PSV was 83.3 cm/s (Fig. 1B).
Ultrasonography revealed no hydrops fetalis. The patient was
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vided on Day 2, which the patient refused. At midnight on Day 2, 30
hours after admission, the monitor revealed a ﬂat baseline. An
emergency cesarean sectionwas performed, and a ﬂaccid pale male
baby weighing 2176 g, with an Apgar score of 1e1, was delivered.
The baby could not be resuscitated. Umbilical cord gas analysis
revealed a pH of 7.33, 34.1 mmHg pCO2, 17.6 mmol/L bicarbonate,
and 7.2 mmol/L Acid Base Excess (ABE). Umbilical cord blood
analysis showed 1.3 g/dL hemoglobin, 55  103/mL platelet count,
and 16.15  103/mL white blood cell count. The CRP was < 0.50, and
the Comb test result was negative. Total bilirubin was 0.38 mg%.
Glucose-6-phosphate dehydrogenase enzyme testing provided
negative ﬁndings. The patient's prenatal examination showed an
Rh-positive screen with no thalassemia. The patient refused to
provide cord blood for parvovirus examination. The Klei-
hauereBetke test showed 10% fetal erythrocytes in the maternal
blood (equivalent to 400 mL fetal blood), conﬁrming the diagnosis
of FMH (Fig. 2).
FMH of > 20e30 mL at delivery is estimated to occur in
approximately one in 200e300 deliveries. FMH of > 80 mL and >
150 mL are estimated to occur in one in 1000 deliveries and in one
in 5000 deliveries, respectively. According to the study by Laube
et al [1], FMH is the cause of 3.4% of all intrauterine deaths and
0.04% of all neonatal deaths. Several conditions, such as amnio-
centesis, fetal operation, external cephalic version, and cesarean
section, are associated with the development of FMH. In addition,
sudden intrauterine death, direct trauma to the uterus, or decel-
eration injury to the uterus following a car accident can be asso-
ciated with massive FMH.
This case is important for a number of reasons.
(1) The standard scale parameters used in the cardiotocogram
were 30 bpm per vertical centimeter (range, 30e240 bpm) and
3 cm/min chart recorder paper speed. Thus, the scaling parameters
used could have affected pattern recognition and interpretation. In
our case, we used 20 bpm per vertical centimeter, and 1 cm/min
(Fig. 3A) and 3 cm/min (Fig. 3B) paper speeds interchangeably to
reduce paper expense. This could have led to inappropriate in-
terpretations of the results. The monitor shown in Fig. 3B is similar
to a broadened waveform, which is easier to interpret than the
narrowed waveform shown in Fig. 3A.by Elsevier Taiwan LLC. All rights reserved.
Fig. 1. (A)Dopplerﬂowof theumbilical artery demonstrated anormal S/D ratio of 2.8 and
an RI of 0.64. (B) RI of the middle cerebral artery was 0.9 and the CPR revealed no brain
sparingeffect; thePSVof themiddlecerebral arterywas83.3 cm/s. CPR¼ cerebroplacental
ratio; PSV¼ peak systolic velocity; RI¼ resistance index; S/D¼ systolic/diastolic velocity.
Fig. 2. KleihauereBetke test demonstrated 10% fetal erythrocytes in maternal blood,
which is equivalent to 400 cc fetal blood.
C.-Y. Liao, L.P. Liao / Taiwanese Journal of Obstetrics & Gynecology 54 (2015) 95e9896On Day 1, the monitor revealed an initial intermittent sinusoidal
pattern (Fig. 3A and B), followed by a period of absence of a sinu-
soidal picture and reduced variability. We observed several mild
accelerations (< 5 bpm; Fig. 3C), followed by a short sinusoid heart
rate pattern again and a period of prolonged deceleration (Fig. 3D).
On Day 2, the monitor still showed atypical intermittent sinusoidal
tracing followed by a long smooth baseline.
According to Modanlou and Murata [2], the criteria for the deﬁ-
nition of a true sinusoidal heart rate pattern are (a) a stable baseline
heart rate of 120e160 bpm with regular oscillations, (b) an ampli-
tudeof5e15bpm(rarelygreater), (c) a frequencyof twotoﬁve cycles
per minute, (d) ﬁxed or ﬂat short-term variability, (e) oscillation of
the sinusoidalwaveformaboveandbelowabaseline, and (f) noareas
of normal FHRvariability or reactivity. However, afterModanlou and
Murata [2] outlined the classic deﬁnition of sinusoid fetal rate
tracing, other authors have indicated that the intermittent sinusoi-
dal fetal heart rate is different from the classic one, with a transient
pattern alternatingwith a nonsinusoidal baseline [3e5]. An absence
of central nervous system control of the heart, as from severe
damage caused by hypoxia or acidemia, supports that the inter-
mittent sinusoidal heart ratemay be an early indicator of impending
fetal compromise and warrants rapid clinical assessment.
(2) Maternal perception of reduced fetal movement can be a
crucial indicator of FMH, even when sensitive electronic tests, such
as ultrasonography or a cardiotocogram, detect fetal movement. In
our case, the biophysical proﬁle and cardiotocogram results indi-
cated fetal movement. These observations contributed to the phy-
sician's false consideration that fetal movement was adequate.
(3) In our case, the use of pulsatility and resistance index of
umbilical artery and MCA did not reveal any abnormalities. Owing
to acute and massive FMH, time was inadequate for fetal compen-
satory mechanisms to increase red blood cell production or to
develop the brain-sparing effect. Therefore, the Doppler ultrasound
is a less signiﬁcant fetal surveillance measure for the identiﬁcation
of acute fetal distress [6]. The biophysical proﬁle was also not
helpful because physiological manifestations of acidosis require a
longer duration for development. The pH of the umbilical cord
blood (postdelivery) was normal, which falsely suggested the
absence of acidosis. Other investigators have identiﬁed that FMH is
the sole identiﬁable cause of a false-negative fetal biophysical
proﬁle in cases of fetal death [7].
(4) Recent studies have shown that MCA-PSVmeasurements are
useful for noninvasive diagnosis of acute FMH. Several case reports
described the identiﬁcation of massive FMH using MCA-PSV
assessment [8], which physicians conﬁrmed at delivery. In our
case, increased blood velocities in the MCA facilitated a correct
diagnosis of fetal anemia caused by FMH. Studies on acute FMH
have shown that increased cardiac output and reduced blood vis-
cosity increase fetal blood velocity [8]. In our patient, the MCA-PSV
value was more than 1.5 multiples of the median (83.3 cm/s),
enabling the retrospective diagnosis of severe anemia. Thus, we
recommend the use of MCA-PSV measurements to determine the
severity of anemia when FMH is suspected.
(5) An oxytocin challenge test (OCT) should be performed in
cases of suspicious NST results. The OCT is a useful indicator of FMH,
especially in acute events when a Doppler ultrasound and bio-
physical proﬁle score provide insufﬁcient information [9]. The OCT
has a low false-negative rate (< 1%), but a high false-positive rate of
approximately 25% (secondary to uterine hyperstimulation and
compression of the inferior vena cava). However, the OCT carries a
risk of preterm labor because of its requirement for the intravenous
administration of oxytocin.
The ﬁrst and most signiﬁcant warning sign for FMH is a reduc-
tion in fetal movement with sinusoidal or intermittent sinusoidal
tracing. Acute or persistent changes in fetal movement are
Fig. 3. (A) On Day 1, the monitor revealed a sinusoid-like pattern, which was recorded at 1 cm/min chart recorder paper speed. (B) The monitor revealed a sinusoid-like pattern,
which was recorded at 3 cm/min chart recorder paper speed. (C) The fetal monitor revealed an intermittent sinusoid-like pattern in the beginning, followed by a period of loss of
sinusoidal picture and decreased variability, and several mild accelerations (<5 bpm). (D) The monitor demonstrated a short sinusoid-like heart rate pattern and a period of
prolonged deceleration. bpm ¼ beats per minute.
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diotocographymight be unable to detect these changes. In addition,
fetal ultrasonography and Doppler studies of the umbilical arteries
may not be helpful [6]. An OCT should be performed for the
detection of possible fetal distress in cases of suspicious NST results,
if necessary. The KleihauereBetke test can then conﬁrm a diagnosis
of FMH. In most cases, FMH diagnosis is unexpected, and requires
immediate delivery by cesarean section and neonatal transfusion if
the gestational age is suitable. Our case supports the notion that
Doppler assessment of MCA-PSV is a valuable tool for the prediction
of fetal anemia.Conﬂicts of interest
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